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Abstract 
A juice flow model has been developed to estimate the juice expression at the four nips of a six-
roller mill. An extended volumetric theory was applied to determine the juice expressed at each 
nip. The model was applied to a first and final mill, using typical mill settings and an empirical 
equation to estimate reabsorption. Results of using the model for typical heavy-duty pressure 
feeder settings show that most of the juice is expressed at the pressure feeder nip. Since the 
pressure feeders are remote from the mill, a significant portion of the juice is expressed before 
the bagasse enters the mill. 
Keywords: Juice flow, model, nips, reabsorption factor. 
Introduction 
In this paper, a model is described and explored to determine the relative amounts of juice 
expression at the four nips of a six-roller mill: the underfeed nip, the pressure feeder nip, the feed 
nip and the delivery nip (Figure 1). This paper reproduces unpublished work conducted at the 
Sugar Research Institute in the 1990’s. Some of the results of this study were referred to by 
Wesche et al. (2011) who presented nip juice expression proportions for a six-roller mill, but did 
not explain the origin of the values. This paper provides the methodology used to determine the 
results presented by Wesche and provides results for two case studies: a first mill and a final 
mill.  
  
Mill Configurations 
Calculations have been undertaken for a mill of roll length 2.15 m, roll outside diameter of 
1.075 m, roll groove depth of 0.05 m and a pressure feeder to mill ratio1 of 1.3. For both the first 
and final mill calculations, it was assumed that the top roll surface speed was 0.2 m/s. The first 
mill was assumed to have a delivery nip compaction of 600 kg/m3 while the final mill was 
assumed to have a delivery nip compaction of 900 kg/m3. In both cases, the mill ratio was 
assumed to be 1.6 and the volumetric ratio was assumed to be 1.4. The theory of mill feeding 
(Kent and McKenzie, 1999) was used to determine the underfeed nip setting, the feed chute exit 
setting (both set at optimum values) and the fibre rate, using feed chute exit compaction values 
of 58 kg/m3 for the first mill and 90 kg/m3 for the final mill configuration. The resulting fibre 
rates were 16.3 kg/s for the first mill and 26.3 kg/s for the final mill.  
In order to calculate the juice extraction at various nips for this model, it was necessary to 
determine compactions at each of the nips. Table 1 shows the compaction and filling ratio 
                                                  
1 Pressure feeder to mill ratio is the ratio of the rotational speed of the pressure feeder to the rotational speed of the 
mill. 
Legend: 
1- Underfeed nip 
2- Pressure feeder nip 
3- Feed nip 
4- Delivery nip 
1 
2 
3 
4 
   Figure 1- Schematic representation of a six-roller mill 
calculated at the four nips using the configurations described above. Filling ratio is defined as the 
ratio of compaction to the fibre density (Murry, 1959). 
Table 1- Nip compactions and filling ratio for first and final mills 
Nip 
 
Compaction (kg/m3) Filling Ratio 
First Mill Final Mill First Mill Final Mill 
Underfeed 85 131 0.056 0.086 
Pressure Feeder 268 402 0.175 0.263 
Feed 375 563 0.245 0.368 
Delivery 600 900 0.392 0.588 
 
Mill Feed Analysis 
The analysis of feed entering the mill is required for the calculations. The added water on the 
final mill was assumed to be 200% fibre. Table 2 shows the feed analysis. For the final mill, the 
analysis is shown before and after water is added as imbibition. It was assumed that brix in added 
water was zero. 
Table 2- Feed analysis for first and final mills 
Mill  Fibre (% feed) Brix (% feed) 
First 13.00 17.00 
Final (before adding water)  49.00 2.00 
Final (after adding water) 16.33 0.67 
  
Reabsorption Factor  
The reabsorption factor was determined from an empirical equation based on the work of Russell 
(1968). The empirical equation predicts reabsorption factor less than one for the underfeed and 
pressure feeder nip filling ratios, which are considered unrealistic. The empirical equation was 
developed only for delivery nip filling ratios, hence is untested and unlikely to be accurate at 
lower filling ratios. Where reabsorption factors less than one were calculated, it was assumed 
that the reabsorption factor was one. Table 3 shows the calculated reabsorption factor for the four 
nips of the first and final mill. 
Table 3- Reabsorption Factor 
Nip Reabsorption Factor 
First  Mill Final Mill 
Underfeed 1.00 1.00 
Pressure Feeder 1.00 1.00 
Feed 1.00 1.05 
Delivery 1.44 1.50 
 
Juice Flow Model 
In order to calculate the amount of juice expressed at a nip, the volumetric theory of extraction 
was used (Russell, 1968). The theory assumes that fibre rate is constant through the milling train 
and no fibre is expressed with juice. 
The volume rate of juice entering the mill first needs to be determined. The mass fibre rate 
through the milling train can be calculated from: 
 
݉̇஼ி = ݉̇஼ × ஼ܲி100 (1) 
Where, 
݉̇஼ி is mass rate of fibre (kg/s), 
݉̇஼  is crushing rate (kg/s), 
஼ܲி 	 is percent fibre in cane. 
The mass fibre rate can be converted into volume fibre rate by: 
 
ܸ̇஼ி = ݉̇஼ி݀ி  (2) 
Where, 
ܸ̇஼ி  is volume rate of fibre (m
3/s), 
݀ி is density of fibre, 1530 kg/m
3 (Pidduck, 1955). 
The mass rate of juice entering the nth mill is determined from: 
 ݉̇ி௡௃ = ݉̇஻(௡ିଵ)௃ + ݉̇ூ௡௃ (3) 
Where, 
݉̇ி௡௃ is mass rate of juice in the feed entering the nth mill after imbibition (kg/s), 
݉̇ூ௡௃  is mass rate of juice in imbibition to the nth mill (kg/s), 
݉̇஻(௡ିଵ)௃ is mass rate of juice in bagasse from the (n-1)th mill or in cane for the 1st mill (kg/s). 
The mass rate of juice in bagasse from the (n-1)th mill is determined from: 
 ݉̇஻(௡ିଵ)௃ = ݉̇஻(௡ିଵ) − ݉̇஼ி (4) 
Where, 
݉̇஻(௡ିଵ) is mass rate of bagasse from the (n-1)th mill (kg/s). 
The mass rate of bagasse from the (n-1)th mill is determined from: 
 
݉̇஻(௡ିଵ) = ቆ ݉̇஼ிܲ஻(௡ିଵ)ிቇ × 100 (5) 
Where, 
ܲ஻(௡ିଵ)ி  is percent fibre in bagasse of the (n-1)th mill. 
Substituting equation (5) in equation (4), 
 
݉̇஻(௡ିଵ)௃ = ቆ 100ܲ஻(௡ିଵ)ி − 1ቇ ݉̇஼ி (6) 
The mass rate of imbibition to the nth mill is determined from: 
 ݉̇ூ௡ = ܺூ௡ × ݉̇஼ி (7) 
Where, 
ܺூ௡  is the imbibition % fibre of the nth mill. 
Substituting equations (6) and (7) in equation (3), 
 
݉̇ி௡௃ = ቆ 100ܲ஻(௡ିଵ)ி − 1 + ܺூ௡ቇ ݉̇஼ி  (8)  
The volume juice rate entering the nth mill is determined from: 
 
ܸ̇ி௡௃ = ݉̇ி௡௃݀஻௡௃  (9) 
Where, 
ܸ̇ி௡௃ is volume rate of juice entering the nth mill (m3/s), 
݀஻௡௃ is density of juice in bagasse entering the nth mill (kg/m3).  
The density of juice in bagasse was calculated from the brix fraction of juice in bagasse. For this 
study, the density of the juice entering the first mill was calculated to be 1079 kg/m3 and the 
density of juice entering the final mill was calculated to be 1003 kg/m3. 
The volume rate of juice entering each nip then needs to be reduced by the amount of juice 
expressed in the previous nip. 
The filling ratio is calculated from: 
 
ܥ௡௜ = ܸ̇஼ிܸ̇ா௡௜ (10) 
Where, 
ܥ௡௜  is filling ratio of the ith nip in the nth mill, 
ܸ̇ா௡௜ is escribed volume of the ith nip in the nth  mill. 
The reabsorption factor is calculated from: 
 
ܭ௡௜ = ܸ̇஻௡௜ܸ̇ா௡௜  (11) 
Where, 
ܭ௡௜  is reabsorption factor of the ith nip in the nth mill, 
ܸ̇஻௡௜ is volume of bagasse leaving the i
th nip in the nth mill. 
From equations (10) and (11), 
 ܭ௡௜
ܥ௡௜
= ܸ̇஻௡௜
ܸ̇஼ி
 
(12) 
Rearranging equation (12), 
 
ܸ̇஻௡௜ = ܭ௡௜ܥ௡௜ × ܸ̇஼ி (13) 
The volume rate of bagasse is determined from: 
 ܸ̇஻௡௜ = ܸ̇஼ி + ܸ̇௃௡௜		 (14) 
Where, 
௃ܸ௡௜ is volume rate of juice in bagasse leaving the i
th nip in the nth  mill. 
Substituting equation (14) in equation (13), 
 
ܸ̇௃௡௜ = ൬ܭ௡௜ܥ௡௜ − 1൰ ܸ̇஼ி (15) 
Using ܸ̇௃௡଴ = ܸ̇ி௡௃ and equation (15) for i = 1 to 4 (underfeed to delivery) the volume rate of 
juice expressed at a nip is determined from: 
 ܸ̇௃௡௜௃ = ܸ̇௃௡(௜ିଵ) − ܸ̇௃௡௜  (16) 
Where, 
௃ܸ௡௜௃  is volume rate of juice expressed at ith nip in the nth mill.  
Results  
Equation (16) was used for both the first and final mill to determine the juice expression from 
each nip. Where equation (16) yielded a negative result, signifying that the nip exit juice volume 
rate was greater than the nip entry juice volume rate,  ௃ܸ௡௜  was assumed to remain equal to 
௃ܸ௡(௜ିଵ) signifying no juice expression.  
Figures 2 and 3 present the results of using the model.  The bars in the figures represent the 
percentage of the total juice expression for the mill that was achieved at the particular nip. Based 
on the results, the pressure feeder typically extracts 60% to 70% of the total mill expressed juice, 
20% to 30% is extracted at the feed nip and less than 10% is extracted at the delivery nip. No 
juice was expressed at the underfeed nip. 
 Figure 2- Percent juice expressed at the four nips of first mill. 
 
Figure 3- Percent juice expressed at the four nips of final mill. 
The results show that a great proportion of the juice expressed by a six-roller mill occurs in the 
pressure feeder. It should be noted that these results were for a pressure feeder set to achieve a 
volumetric ratio of 1.4, a heavy-duty pressure feeder configuration. As the volumetric ratio 
increases, the proportion of juice expressed in the pressure feeder will decrease and the 
proportion of juice expressed in the feed nip will increase. 
Conclusion 
A juice flow model was developed to estimate the juice expression at each nip of a six-roller 
mill. Results of using the model for typical heavy-duty pressure feeder settings show that most of 
the juice is expressed in the pressure feeder. Since the pressure feeder is remote from the mill, a 
significant portion of the juice is expressed before the bagasse enters the mill. 
0
10
20
30
40
50
60
70
80
90
100
Underfeed Pressure 
Feeder
Feed Delivery
Pe
rc
en
t J
ui
ce
 E
xp
re
ss
ed
 (%
)
0
10
20
30
40
50
60
70
80
90
100
Underfeed Pressure 
Feeder
Feed Delivery
Pe
rc
en
t J
ui
ce
 E
xp
re
ss
ed
 (%
)
Acknowledgments 
The authors would like to acknowledge Dr. Brian Edwards who supervised the original work on 
this topic at the Sugar Research Institute.  
References 
KENT, G. A. & MCKENZIE, N. J. 1999. An improved understanding of mill feeding. 
Proceedings of Australian Society of Sugarcane Technologists, 21, 334-340. 
MURRY, C. R. 1959. Preliminary bagasse tests in the two roll experimental mill. Proceedings of 
Australian Society of Sugarcane Technologists, 26, 67-72. 
PIDDUCK, J. 1955. Physical properties of bagasse. Proceedings of Queensland Society of 
Sugarcane Technologists, 22, 147-155. 
RUSSELL, G. E. 1968. An investigation of the extraction performance of sugarcane crushing 
trains. Ph.D Thesis, University of Queensland. 
WESCHE, G., PAYNE, S. & LEWINSKI, J. 2011. Comparison between four roll and six roll 
mill. Sugar Journal, 73, 22-25. 
 
 
